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(54) Electric generator device actuated by a fluid flow 



(57) An electric generator device comprising a panel 
(2) bearing one or more electric generating machines (3) 
each including a stator and a rotor concentric and sub- 
stantially co-planar. The rotor is supported in rotation by 
the stator and presents a central part bearing one or more 
blades (11) of a fan (1 2). A flow of fluid causes the fan 



(1 2) and in consequence the rotor (R) to rotate. The rotor 
bears along its periphery a plurality of magnetic poles (P) 
whose magnetic fields link with windings (A) borne by 
the stator, for the induction of an electric current in the 
windings. The rotor is supported in rotation within the 
stator through magnetic means of support (9). 
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Description 

[0001 ] The present invention relates to electric gener- 
ator devices that can be actuated by a fluid flow, in par- 
ticular, although not exclusively, to wind turbines. 
[0002] The purpose of the invention is to produce a 
generator device that presents a simple, light structure 
of reduced size and that has high efficiency. 
[0003] In view of achieving this purpose, the subject 
of the invention is an electric generator device, compris- 
ing a panel bearing one or more generators each com- 
prising an electric generator machine including a stator 
and a rotor, in which the rotor, acting as an inductor, is 
in the form of a ring bearing a distribution of magnetic 
poles along its periphery and having a central part bear- 
ing one or more fan blades and in which the stator is in 
the form of a ring surrounding the rotor and bearing wind- 
ings capable of linking the magnetic field generated by 
said magnetic poles when the rotor is caused to rotate 
by a fluid flow activating said fan, and in which the rotor 
is supported in rotation by the stator through magnetic 
means of support. 

[0004] In a first configuration, the rotor presents a cen- 
tral opening solely occupied by one or more fan blades 
destined to be actuated by a fluid flow directed parallel 
to the axis of the rotor. In a second configuration, the 
rotor bears a fan projecting axial ly from the body of the 
rotor and of the stator, destined to be actuated by a fluid 
flow substantially orthogonal to the axis of the rotor. In 
both configurations the fan struck by the fluid flow places 
the rotor, which is disposed substantially in a co-planar 
fashion with the stator and inside it, in rotation. Use of 
magnetic means of support without contact enables re- 
sistance to rotation to be reduced to a minimum obtaining 
in consequence the possibility of causing the rotor to ro- 
tate at a relatively high speed even when the speed of 
the fluid striking each fan is relatively low. 
[0005] In the first configuration mentioned above, fur- 
thermore, the central opening of the rotor, being solely 
occupied by the fan (there being no rotor shaft) may be 
exploited with maximum efficiency for passage of the ac- 
tuating flow. 

[0006] In a preferred embodiment, both the rotor and 
the stator each present an intermediate cylindrical portion 
and two conical end portions, diverging outwards. For 
preference, the magnetic poles and the windings of rotor 
and stator are predisposed in the two co-axial cylindrical 
portions, whereas two magnetic bearings are predis- 
posed in correspondence with the diverging end portions. 
[0007] The said magnetic bearings may be of the pas- 
sive type, that is comprising a permanent ring magnet 
borne by the rotor, that rotates inside a permanent ring 
magnet borne by the stator. 

[0008] Such a configuration of passive magnetic bear- 
ings, based on the known theorem of Earnshaw, is not 
of itself stable in all directions, in the sense that it may 
be stable in one direction (for example the radial direc- 
tion) and unstable in another direction (for example the 



axial direction). However it is possible, by optimising the 
shape of the bearings, their inclination, and the inclination 
of the prevalent axis of magnetisation of the permanent 
magnet, to minimise and almost eliminate the force that 
5 tends to bring the bearing into an unstable situation. Al- 
ternatively, or in addition, to overcome the hypotheses 
of the theorem of Earnshaw, magnetic bearings may be 
provided for each of which comprises for example a ring 
of permanent magnet borne by the stator, inside which 
10 rotates a ring borne by the rotor constituted of paramag- 
netic material, for example aluminium. The situation of 
instability also disappears when the two rings are in rel- 
ative motion, since it is compensated by gyroscopic ef- 
fects. It is thus possible to adopt strategies to maintain 
15 stability in a condition of no rotation, or of low-speed ro- 
tation, as will be described below. 
[0009] According to a variant, three electric machines 
may be associated to one single rotor plus stator unit, 
one in correspondence with the intermediate cylindrical 
20 portions of stator and rotor, and the other two in corre- 
spondence with the diverging conical end portions of sta- 
tor and rotor. Alternatively a number of electrical ma- 
chines may be provided for in the cylindrical portion, for 
example of the transverse magnetic flux type, each hav- 
25 jng a single winding of the homopolar type. 

[001 0] The panel of the device according to the inven- 
tion may bear a single relatively large generator, for ex- 
ample of diameter approximately one metre, or a matrix 
of micro-generators for preference disposed in a number 
30 of parallel rows, or else in convergent or divergent rows 
or in any other manner appropriate to ere ate a distribution 
that, observed from a distance, appears aesthetically 
pleasing to the sight, including by combining a plurality 
of mini-generators of different sizes. 
35 [0011] The mini-generators may also be disposed on 
more than one plane to achieve multi-stage configura- 
tions, and/or with partial superimposition of the stator 
parts of adjacent generators (that would offer resistance 
tothefluid) in orderto exploitmore efficiently the available 
40 space and the fluid flow that strikes the matrix structure. 
[001 2] The panel may be borne by a revolving structure 
so that it can be oriented in the direction of the wind or 
may also comprise a series of sub-panels, each of which 
can be oriented independently. 
45 [0013] In the case of the above-mentioned second 
configuration with fan projecting from the body of the gen- 
erator and activated by a flow transversal with respect to 
the axis of the rotor, such a possibility of orientation is 
less important, although it is not in any case excluded. 
50 [0014] Further preferred characteristics of various em- 
bodiments of the invention are specified in the attached 
claims. 

[0015] Some preferred examples of embodiments of 
the invention will now be described with reference to the 
55 attached drawings, provided as an simple example with- 
out limiting intent, in which: 

figure 1 is a perspective view of a panel of generators 
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according to the above-mentioned first configuration 
of the invention, in which the individual generators 
are struck by a fluid flow in a direction substantially 
parallel to the axes of their rotors 
figure 2 is a perspective view of a mini-generator part 
of the panel in figure 1, 

figure 3 is a front view of the mini-generator in figure 
2, 

figure 4 is a view in section along the line IV-IV of 
figure 3, 

figure 5 is a view in section in diagram form of the 
mini-generator according to the above-mentioned 
first configuration of the invention, 
figure 6 is a partial perspective view with partial sec- 
tion that shows in detail a concrete embodiment of 
the mini-generator in figure 5, in its component parts, 
figure 7 shows, at an enlarged scale and in perspec- 
tive view, a portion of the stator of the electric ma- 
chine in figure 6, according to a variant that entails 
an oblique orientation (skewing) of the hollows of the 
stator, 

figure 8 is a Cartesian representation of the trend of 
axial force generated by the interaction between the 
internal and the external bearing, as the relative axial 
displacement varies, 

figure 9 is a Cartesian representation of the trend of 
radial force generated by the interaction between in- 
ternal and external bearing, as the relative radial dis- 
placement varies, 
figure 1 0 is a variant of figure 5, 
figure 11 is a perspective view of the stator that is 
part of the mini-generator in figure 1 0, 
figure 1 2 illustrates a block diagram that shows the 
circuit connecting the generators, 
figures 1 3-1 6 illustrate different possible schemes of 
connection between the generators, 
figures 17 and 18 illustrate a perspective view and 
a section of an example of embodiment of a mini- 
generator according to the invention, in conformity 
with the above-mentioned second configuration, in 
which the fan is struck by a flow directed transversally 
with regard to the axis of the rotor, 
figures 19 and 20 illustrate two variants of figures 17 
and 18, and 

figure 21 shows a possible application of the gener- 
ator inside a pipe through which afluid flows between 
areas with different pressures or temperatures. 

[0016] In figure 1 , number 1 indicates overall a device 
to generate electric energy comprising a panel 2 consist- 
ing of a matrix of mini-wind-turbines 3 (in this description, 
whenever reference is made to wind turbines it is intend- 
ed also to include the generic case of generators actuated 
by a fluid flow of any type, not necessarily by means of 
the wind) disposed in a number of parallel rows. The di- 
mensions of the panel 2 may for example be in the order 
of 1 m x 1 m and its bearing structure may be of metallic 
or plastic material. For preference, in the areas of the 



panel between the various wind turbines 3, openings 4 
may be provided to reduce the stress due to the wind to 
which the structure bearing the panel is subjected. This 
structure may for example consist of a column made in 

5 such a way as to enable the panel to be oriented orthog- 
onally to the wind. The panel may also comprise a 
number of sub-panels, each independently orientable in 
the wind. A device of this type is for example capable of 
installation along the side of a road or on an infrastructure 

10 standing above the road, to supply electricity to electric 
devices situated along the road, such as light signals, 
sensor devices or others. 

[0017] Instead of the matrix of wind turbines, as has 
been said, it is possible to provide for a single wind tur- 
fs bine, for example of diameter in the order of one metre 
or less. A device of this type may for example be asso- 
ciated with the post of a street lamp to generate electricity 
to supply the lamp. 

[0018] With reference to figure 2, an essential charac- 
20 teristic of each wind turbine 3 lies in the fact that it consists 
of an electric machine comprising a stator and a rotor 
caused to rotate by a fan destined to the activated by a 
fluid flow directed substantially parallel to its axis. In this 
first configuration of the device according to the invention, 
25 thefan,therotorandthestatoraresubstantiallyco-planar 
and situated one inside the other. In particular, the rotor 
R consists of a ring (see also figure 4) mounted so that 
it can rotate inside a stator S, likewise of annular form. 
The rotor R, in the preferred example of embodiment 
30 illustrated in the drawings, presents an intermediate cy- 
lindrical portion 5 and two end portions 6 of conical form 
divergent outwards. The stator S likewise presents a cen- 
tral opening within which the rotor R can rotate, having 
an intermediate cylindrical portion 7, that receives the 
35 cylindrical portion 5 of the rotor R, and two end portions 
8 of conical form divergent outwards, that receive the end 
portions 6 of the rotor R. Again in the case of the preferred 
embodiment, the rotor R is supported in rotation inside 
the stator S without making contact, through two mag- 
40 netic bearings 9 situated in correspondence with the di- 
vergent conical end portions 6 of the rotor R. 
[0019] In correspondence with the intermediate cylin- 
drical portion 5, the rotor R bears a distribution of mag- 
netic poles along its periphery (not illustrated). The inter- 
ns mediate cylindrical portion of the stator S in its turn bears 
windings (not illustrated) destined to link the magnetic 
field generated by the magnetic poles borne by the rotor 
R when the latter is caused to rotate. For this purpose, 
the rotor R presents a central opening 1 0 that, in conse- 
50 quence of the geometry described above, presents an 
intermediate cylindrical portion and two conical end por- 
tions diverging outwards. The cylindrical wall of the in- 
termediate portion 10 of the central opening of the rotor 
supports a plurality of blades 1 1 . The space of the open- 
55 ing 10 is solely occupied by these blades. In other words, 
the rotor is not supported in rotation through a central 
shaft, rather solely externally by the stator. Thus the cen- 
tral opening of the rotor is completely exploited for the 
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passage of the flow of air destined to actuate the fan, 
indicated overall with the reference number 12. In the 
example illustrated, the blades 11 of the fan 12 each 
present a wider base in correspondence with the wall of 
the rotor and become progressively narrower towards 
the centre where they are connected to the other blades. 
However, it would theoretically also have been possible 
to provide for blades 1 1 that project from the wall of the 
rotor R and do not meet at the centre of the rotor. 
[0020] Figure 5 illustrates in diagram form the operat- 
ing principle of the device. A fluid flow F passing through 
the central opening 1 0 of the rotor R causes the rotating 
magnetic field generated by the permanent magnets 
borne by the rotor R to be linked by the windings borne 
by the stator, at the ends of which a difference in potential 
is created. Each of the magnetic bearings 9 comprises 
two permanent ring magnets 9a, 9b facing one another, 
borne respectively by the rotor R and by the stator S in 
correspondence with their divergent conical portions. Al- 
ternatively, the permanent magnet 9a or 9b may be re- 
placed by a ring of para-magnetic material, for example 
aluminium. 

[0021 ] As an alternative to passive magnetic bearings 
9, from the theoretical standpoint active magnetic bear- 
ings might be used, provided with a position sensor and 
an appropriate electronic control circuit able to maintain 
the position of stability by regulating the magnetic field 
generated by the permanent magnets, by means of a 
magnetic counter-field created by auxiliary windings, 
supplied with power by the generator itself or by a buffer 
battery. 

[0022] Alternatively, said counter-field windings may 
be integrated into the machine itself, also utilising, 
through an appropriate electronic circuit, the same wind- 
ings that link the field generated by the permanent mag- 
nets and used to extract the energy produced by rotation 
of the rotor. 

[0023] As may be seen in figure 5, the divergent trun- 
cated-cone portions of the rotor also act as a guide for 
the air flow F into and out of the central opening 10 of 
the rotor. 

[0024] In operation, the fluid flow F causes the fan 1 2, 
and in consequence the rotor R bearing a series of mag- 
netic poles P, to rotate. This rotation causes an induced 
electric current within the winding A housed within the 
hollows C in the stator core N of the electric machine, 
this core being borne by the stator S. 
[0025] In a variant, the stator S may include a number 
of windings A located not only in correspondence with 
the cylindrical portion, but also with the conical end por- 
tions of the stator co-operating with corresponding mag- 
netic poles borne by the rotor, both in correspondence 
with the cylindrical portion and in correspondence with 
its conical end portions. One or more windings may also 
be provided for that are capable of producing a magnetic 
field to regulate the relative position of the rotor with re- 
gard to the stator. 

[0026] In the preferred embodiment, the permanent 



magnets 9a, 9b of the magnetic bearings and also the 
permanent magnets P of the rotor of the electric machine 
M can if preferred be made of thin layers of a granular 
composite material of the Sm-Co-Fe type, in order to re- 
5 ducethe overall weight and increase the efficiency of the 
device. The body of the stator is preferably of soft mag- 
netic composite (SMC) material, if preferred with variable 
density and permeability, that is to say with inclusions of 
elementary particles (magnetic domains) of variable den- 
10 sity, including the case of ordered composite in which 
the elementary magnetic domains are included in the in- 
organic, or preferably polymeric organic, matrixfollowing 
a predetermined order capable of defining a preferential 
direction of the magnetic flux. 
15 [0027] Theoretically, "ironless" structures might also 
be provided for, that is to say stator windings supported 
free of any structure of ferromagnetic material generally 
used to concentrate the magnetic flux, this in order to 
ensure lightness and annul any "magnetic friction" effect 
20 commonly known as cogging. 

[0028] The body of the fan 12 is preferably of ultra-light 
plastic or nano-composite material, for instance montmo- 
rillonite, orof the polymerictype orwith carbon nanotubes 
or in general fibrous carbon polymer. 
25 [0029] Figure 6 shows a plane section of the mini-gen- 
erator, in which the parts described in figure 5 are visible 
from a different standpoint, and in particular the stator of 
the electric machine M consisting, in the preferred con- 
figuration, of a disc of ferromagnetic material (for exam- 
30 pie SMC), in which hollows (C) are practised capable of 
housing windings (not shown) that link the magnetic field 
generated by the permanent magnets of the rotor creat- 
ing, in the inner region of the disc, an alternation of hol- 
lows (C) and teeth (D). The rotor of the electric machine 
35 m is integral with the rotor R of the device and presents 
in its innermost part a yoke (G), in the preferred form of 
ferromagnetic material (for example SMC) and, in its out- 
ermost part, an alternation of permanent magnets (P) 
disposed in such a way as to create an alternation of 
40 North and South magnetic poles that energises the wind- 
ings of the stator when the rotor is caused to rotate. In a 
variant, the rotor may consist of a plurality of layers of 
composite magnetic material with variable density, resid- 
ual magnetisation and permeability, again disposed in 
45 such a way as to create an alternation of North and South 
magnetic poles. In anothervariantthe rotor of the electric 
machine M may consist of a plurality of permanent mag- 
nets disposed in a configuration, known to the art, the 
so-called "Halbach array", in order to reduce the weight 
50 and dimensions of the rotary part and consequently to 
reduce inertia. 

[0030] Figure 7 shows a variant of the stator of the 
electric machine made with a strategy known to the art, 
the so-called "skewing", that consists in making the hol- 
55 lows inclined by an angle (a)with regard to the axis of 
rotation of the machine, selected in such a way as to 
reduce the "magnetic friction" between stator and rotor 
of the electric machine that, if left free to rotate tend to 
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situate themselves in the configuration of least reluc- 
tance, offering resistance to starting the rotor. This angle, 
according to the known art, is usually selected in such a 
way that the hollow is inclined by a full pitch of the hollow 
or by a fraction of such pitch. A similar strategy might, 
alternatively or jointly, be practised also on the rotor mag- 
nets, although this would be more costly. 
[0031] Figures 8 and 9 show an example of the trend 
of the force exchanged between the bearings as the axial 
displacement varies (figure 8) and as the radial displace- 
ment varies (figure 9) with respect to the central position, 
in the case of a pair of magnetic bearings consisting of 
concentric truncated-cone rings with prevalently axial 
magnetisation and with magnetisation vector directed to- 
wards the air space between the two bearings. As may 
be seen the system guarantees a small area of stability 
around the central point, both for the axial force and for 
the radial force. Once the point X has been passed with 
regard to axial displacement, or the point Y with regard 
to radial displacement, the system enters into a zone of 
instability, since the force, no longer being negative, 
tends to bring the inner ring into a position even more 
distant from the central point. It is thus necessary to guar- 
antee, through appropriate mechanical devices, that at 
low velocity or at rest the system never leaves said zone 
of stability. 

[0032] For example, it is possible to insert into the air 
zone between statorand rotor a flat spring or flexure 13 
(figure 5), of circular conformation having one edge of 
one extremity anchored to the stator S and an undulation 
whereby, with the rotor R stationary, the area of contact 
both with the stator S and with the rotor R is minimum. 
[0033] At running speed, the flexure will stretch by ef- 
fect of air pressure, and will no longer be in contact with 
the rotor and no longer offer resistance to rotation, the 
stability of the bearing remaining guaranteed by gyro- 
scopic effects, in agreement with what, from the theoret- 
ical standpoint, is determined by Earnshaw's theorem. 
[0034] A similar strategy may be employed to guaran- 
tee stability in the axial sense. 

[0035] Figure 1 0 illustrates in diagram form the variant 
in which stator windings are provided both in the cylin- 
drical part and in the conical parts of the stator that also 
provide support to the rotor. The latter bears permanent 
magnets both in its cylindrical part and in its conical parts. 
[0036] Figure 1 1 is a perspective view of a stator ac- 
cording to the solution in figure 10, comprising a single 
body on whose inner surface hollows 1 4 are provided to 
receive the windings. 

[0037] It is in any case possible to use other variants 
of electric generating machine of known art, such as for 
example but not exclusively, reluctance electric ma- 
chines, permeance electric machines, set-back perma- 
nent magnet electric machines, transverse flow homopo- 
lar winding electric machines, constructed in ring form, 
without thereby departing from the sphere of the present 
invention. 

[0038] Figure 12 shows how n electric generators of 



the type indicated with 3 in figure 1 are connected each 
through a rectifier 1 5 to an energy management unit 1 6. 
The circuit includes a regulator and DC/DC converter 1 7 
and a regulator and DC/AC converter 1 8 to regulate the 

5 voltage and convert it to the appropriate value for different 
types of loads 19, 20, 21, 22, 23 (6V loads, 12V loads, 
other DC loads, 220 AC loads, other AC loads). The en- 
ergy management unit 1 6 guarantees connection of the 
individual electric generators to each other in such aman- 

10 ner as to have connections in series or in parallel, as well 
as managing energy transfer among the other elements 
of the circuit: generator-battery, generator-converter, 
battery-converter, and also for activation and manage- 
ment of the converters to give energy to the loads. An 

15 energy storage unit 24, typically a battery or alternatively 
a unit comprising super-condensers, provides for energy 
storage. 

[0039] The unit 1 6 may make a connection in parallel 
or in series among the generators 3. 
20 [0040] Figure 13 illustrates a connection diagram of 
the generators in parallel. In case of perfect parallel con- 
nection, the current requested by the load would be 
equally subdivided among all the generators. Neverthe- 
less there would be first and foremost the problem that 
25 the generators, although only slightly, are different from 
one another. Thus, for equal wind force, they would pro- 
duce different voltages. Nevertheless, the rectifying 
bridges 15 would not allow voltages below that present 
on the bus to pass, so that only one generator at a time 
30 would supply energy. On the other hand there is also the 
problem that not all the generators are subjected to the 
same fluid force, so that they would in any case produce 
different voltages. In conclusion, also due to this problem 
only one generator at a time would supply energy. A sin- 
35 g|e generator would thus have to support the entire load, 
with the possibility of impulse currents too high for the 
individual machine and this phenomenon might be the 
cause of demagnetisation through armature feedback. 
[0041] In the light of resolving the above problem it is 
40 possible, for example, to make a connection of the type 
illustrated in figure 1 4, in which in output from each diode 
bridge 15 a DC/DC converter of the voltage-regulated 
boost type is inserted, that enables the same output volt- 
age to be obtained from each generator+bridge+boost 
45 unit. In this way each unit supplies a current dependent 
on the power applied to the individual generator, but all 
units certainly give a contribution to the energy supply. 
The chief advantage deriving from the use of this config- 
uration is that it is possible to obtain high current l tot with 
50 low V bus (depending on the desired V bus A/j ratio). 

[0042] The energy management unit 1 6 may also con- 
nect the generators in series (figure 15). With this con- 
figuration, the V bus is equal to the sum of all the various 
Vs of all the generators. Thus, unlike the case of connec- 
55 tion in parallel, all generators contribute to creating V bus . 
Furthermore, for equal required power, to have a high 
V bus makes it possible to work with low current l tot . In 
conclusion, provided that other intermediate converters 
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are not used, connection in series enables the required 
power to be subdivided among all generators, although 
not equally. 

[0043] To obtain the desired boost voltages, connec- 
tion of the generators in series and a boost converter are 
employed. The corresponding diagram is shown in figure 
16. 

[0044] The mini-generator may be equipped with a 
system (for example a voltage regulator) that enables 
loadless starting (that is without electric charges connect- 
ed) of the rotor in conditions of very low fluid velocity, this 
forthe purpose of exploitingthefluidflow, initially, to over- 
come inertia in the shortest possible time; the load will 
then be connected when operating velocity has been 
reached. This function may reside in the energy man- 
agement unit or be commanded by the latter. 
[0045] The device according to the invention lends it- 
self to being set up on a panel mounted on a structure 
that enables orientation of the panel orthogonal to the 
wind. The panel may also the divided into sub-panels, 
each orientable independently from one another. 
[0046] The device according to the invention lends it- 
self to being caused to move by fluid flows entering from 
opposed directions although these, obviously, will cause 
the rotors to rotate in opposite directions but in any case 
they will continue to contribute to generating electric en- 
ergy. 

[0047] In its second configuration, the electric energy 
generating device also lends itself to be constructed in 
the VAWT configuration (that is to stay with a vertical axis 
of rotation) in the sense that in general the axis of rotation 
of the blades is substantially orthogonal to the wind di- 
rection and in particular it may be oriented vertically. De- 
vices of this type present the advantage of not requiring 
devices to align the generator in the direction of the wind; 
they are in general less efficient than traditional solutions, 
but suitable for example for zones in which the direction 
of the wind, hot air or in general fluids is highly variable. 
The axis of rotation is generally mounted vertically, but 
may also be disposed horizontally, but always orthogonal 
to the principal fluid direction. Figure 17 shows a per- 
spective view of the device, whereas figure 1 8 shows a 
section of it along the axis of rotation. The blades 29 (in 
general one or more), the lower 28 and upper 27 mag- 
netic bearings, the stator 25 and the rotor 26 of the an- 
nular electric generator may be seen. 
[0048] Figures 19 and 20 show, respectively, a per- 
spective view and a section of a variant of the VAWT 
configuration, in which the pair of magnetic bearings 
comprises a magnetic bearing 28 placed at the base and 
a magnetic bearing 27 placed at the top of the blade. This 
solution is, for example, appropriate in situations in which 
the shaft is of such a length as to determine out-of-align- 
ment forces that could not be supported by a pair of mag- 
netic bearings placed entirely at the base of the device. 
[0049] Figure 21 shows an application of one or more 
of the devices according to the invention (30), inside a 
pipe (for example a chimney) through which a fluid (31 ) 



flows between areas at different temperatures or pres- 
sures, for example hot air generated by the sun's rays 
(32). 

[0050] Since the magnetic suspension offers negligi- 
5 b I e f rictio n , th e starti ng poi nt f o r rotati o n of th e wi n d m od- 
ule comes about for wind speeds below any other type 
of known wind-based system, in particular for wind 
speeds below 1m per second. The efficiency of the an- 
nular motor is always better than 95% including for fluid 
10 sections below 100mm and this enables an overall effi- 
ciency of conversion of wind energy to electric energy 
above 37% including for air fluid sections below 1 00mm 
in diameter for a typical wind speed of 5m per second. 
[0051] The panel according to the invention may for 
15 example be mounted on a vehicle to supply electric loads 
when the engine is switched off, or it may be used to 
provide an independent power supply to systems of 
street lighting or luminous road panels, in windy areas, 
or in pipes, chimneys, ducts for hot air or more in general 
in channels which link areas at different pressures. 
[0052] A preferred utilisation of the wind panels relates 
to means of transport. The panel may in particular be set 
on the roof or bonnet or boot of a car and may be raised 
manually or mechanically when the vehicle is stationary 
in a car park. The panel may in particular be an integral 
part of the bonnet, boot or roof of the vehicle. 
[0053] The panel may be folded for ease of transport 
to provide power for portable systems such as personal 
computers or other electronic devices. 
[0054] Another possible utilisation is that of the inde- 
pendent generation of energy for camping activities or 
as a buffer system for emergency illumination in homes, 
or also as a charging station for ultra-light electric vehi- 
cles. 

[0055] Another possible utilisation of the device is to 
generate, with high efficiency fluid flows (for example 
ventilator); this function may be achieved by replacing 
the electronic system to rectify, regulate and manage en- 
ergy with an active diode bridge or with an inverter having 
one or more phases, by one or more position sensors, 
for example Hall effect position sensors capable of de- 
tecting the relative stator-rotor position, and by an elec- 
tronic control module. 

[0056] In an alternative solution, the panel presents a 
single wind turbine or a plurality of wind turbines for ex- 
ample up to an overall diameter in the order of one metre. 
A device of this type may for example also be associated 
with a street lamp or similar, to provide the electric energy 
necessary to supply the lamp of the street lamp. 
[0057] Naturally, the principal of the invention holding 
good, the embodiments and construction details may be 
widely varied with regard to what is described and illus- 
trated here as a simple example without thereby depart- 
ing from the sphere of the present invention. 
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stator windings predisposed both in correspondence 
with said cylindrical portion and in correspondence 
with said diverging conical end portions of rotor and 
stator. 

5 

8. Device according to claim 1 , characterised in that 

the stator bears one or more windings capable of 
producing a magnetic field to control the relative po- 
sition between rotor and stator. 

10 

9. Device according to claim 4, characterised in that 

some or all of the permanent magnets comprise thin 
layers of granular composite material for example 
Sm-Co-Fe. 

15 

10. Device according to claim 1 , characterised in that 

the stator (S) is constituted of composite material 
SMC. 



11 

Claims 

1. Electric generator device, comprising a panel (2) 
bearing one or more generators (3) each comprising 
an electric generator machine including a stator (S) 
and a rotor (R), in which the rotor (R), acting as an 
inductor, is in the form of a ring holding a distribution 
of magnetic poles (P) along its periphery and having 
a central part bearing one or more blades (11) of a 
fan and in which the stator (S) is in the form of a ring 
surrounding the rotor (R) and bearing windings (A) 
capable of linking the magnetic field generated by 
said magnetic poles (P) when the rotor (R) is caused 
to rotate by a fluid flow (F) actuating said fan and in 
which the rotor (R) is supported in rotation by the 
stator through means of support of the magnetic 
type. 

2. Device according to claim 1 , characterised in that 

the rotor (R) presents a central opening (10) solely 
occupied by one or more blades of a fan destined to 
be actuated by a fluid flow directed parallel to the 
axis of the rotor. 

3. Device according to claim 1 , characterised in that 

the rotor (R) bears a fan projecting axially from the 
body of the rotor and the stator, and destined to be 
actuated by a fluid flow substantially orthogonal to 
the axis of the rotor. 

4. Device according to claim 1 , characterised in that 

said means of support of the magnetic type consists 
of one or more magnetic bearings (9) comprising an 
annular permanent magnet (9a) borne by the stator 
(S), and a ring (9a) borne by the rotor (R) disposed 
concentrically within the ring (9b) borne by the stator 
(S) and comprising a permanent magnet or a para- 
magnetic material such as aluminium. 

5. Device according to claim 1 , characterised in that 

said means of support of the magnetic type compris- 
es one or more windings borne by the stator (S) fac- 
ing on to magnetic poles borne by the rotor (R). 

6. Device according to claim 1 , characterised in that 

both the rotor (R) and the stator (S) present interme- 
diate cylindrical portions disposed concentrically 
within each other, and conical end portions diverging 
outwards, and in that the magnetic poles (P) of the 
rotor (R) and the windings (A) of the stator (S) are 
borne by said cylindrical portions of the rotor and 
stator, and that said means of magnetic support are 
provided in correspondence with said diverging con- 
ical end portions. 

7. Device according to claim 6, characterised in that 

each rotor-plus-stator unit incorporates three electric 
generating machines with rotor magnetic poles and 



20 11. Device according to claim 10, characterised in that 

the composite material SMC is of variable density 
and permeability obtained for example through in- 
clusion of elementary particles (magnetic domains) 
of variable density. 

25 

1 2. Device according to claim 1 1 , characterised in that 

the magnetic composite SMC is ordered, that is the 
elementary magnetic domains are included in the 
inorganic or organic polymeric matrix according to a 
30 predetermined order capable of defining a preferen- 
tial direction of the magnetic flux. 

13. Device according to claim 1 , characterised in that 

the windings of the stator (S) are in "ironless" con- 
35 figuration that is to say without ferromagnetic struc- 
tures to channel the magnetic flux. 

14. Device according to claim 1 , characterised in that 

the magnetic poles (P) are disposed in a "Halbach 
40 array" configuration, possibly without the presence 
of the iron ring (G). 

15. Device according to claim 1 , characterised in that 

the body of the fan (12) is of material selected from 
45 among ultra-light plastic material, nano-composites 
for example of the montmorrillonite type or polymeric 
type with carbon nano-tubes or in general fibrous 
carbon polymer material. 

50 16. Device according to claim 1 , characterised in that 
the panel is supported by a supporting structure with 
possibility of orienting it with regard to the wind. 

1 7. Device according to claim 1 6, characterised in that 

55 the panel is divided into sub-units orientable in the 
wind independently of each other. 

18. Device according to claim 1 , characterised in that 
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the panel bears a single wind turbine and is associ- 
ated with a street-lamp structure, to supply power to 
the luminous source with which the street-lamp 
structure is equipped. 

19. Device according to claim 1 , characterised in that 
the output terminals of each generator (3) are con- 
nected to an energy management unit (16) each 
through a respective rectifying bridge (1 5), the circuit 
connecting the generators also including a DC/DC 
regulator-converter (1 7) and a DC/AC regulator and 
converter (1 8), as well as an energy storage unit (24) 
for example consisting of a battery, said energy man- 
agement unit (1 6) being predisposed to manage the 
connection of individual electric generators (3) to 
each other, in such a manner that connections may 
be made in series or in parallel, as well as managing 
energy transfer among the elements in the circuit 
such as for example from the generators (3) to the 
storage unit (24), or from the generators (3) to the 
converters (17, 18) or from the storage unit (24) to 
the converters (17, 18), said energy management 
unit being predisposed to activate and manage the 
converters to provide energy at one or more loads 
(18, 22). 

20. Device according to claim 1 9, characterised in that 

said energy management unit (1 6) is predisposed to 
set up a connection in parallel among the generators 
(3) inserting a DC/DC converter of the voltage-reg- 
ulated boost type at the output from each generator 
(3) and from each respective rectifier (15) in such a 
manner as to have the same output voltage from 
each rectifier-boost unit. 

21. Device according to claim 19, characterised in that 

said energy management unit (1 6) is predisposed to 
make a connection in series among the generators 
(3) and in that a DC/DC converter of the boost type 
is predisposed in orderto obtain the desired bus volt- 
age. 

22. Device according to claim 1 , characterised in that 

it is predisposed to be mounted on a car to supply 
electric loads when the engine is switched off. 

23. Device according to claim 22, characterised in that 

it is mounted flush with the roof, bonnet or boot of 
the car, and brought into operation through an auto- 
matic or a manual device. 

24. Device according to claim 23, characterised in that 

it is predisposed to supply power to a heating or air- 
conditioning system when the engine is switched off, 
to provide conditions of minimum comfort even be- 
fore the engine is switched on. 

25. Device according to claim 23, characterised in that 



it is predisposed to recharge the electric battery of 
the car when the engine is switched off. 

26. Device according to claim 23, characterised in that 

5 it is predisposed to supply power to entertainment 

devices (for example car stereo) for long periods 
when the engine is switched off. 

27. Device according to any of the claims from 1 to 21 , 
10 characterised in that the device is inserted into a 

duct in which a fluid flow exists between two zones 
at different pressures and/or temperatures. 

28. Device according to claim 27, characterised in that 

15 it is inserted inside a chimney in civil or industrial 
applications for the recovery of the energy provided 
by flows of smoke or hot air. 

29. Device according to claim 27, characterised in that 

20 it is inserted inside a chimney through which hot air 
flows are generated by an external heat source, for 
example the sun's rays. 

30. Device according to any of the claims from 1 to 21 , 
25 characterised in that the device is predisposed to 

be installed along a road to provide an independent 
power supply to street illumination systems or lumi- 
nous street panels. 

30 31 . Device according to any of the claims from 1 to 21 , 
characterised in that it is predisposed to provide a 
power supply to electronic devices such as portable 
computers, cellular telephones, personal entertain- 
ment devices or games. 

35 

32. Device according to any of the claims from 1 to 21 , 
characterised in that the device is predisposed to 
be used as an independent generator of energy for 
camping activities. 

40 

33. Device according to any of the claims from 1 to 21 , 
characterised in that the device is predisposed to 
be used as a buffer system for emergency illumina- 
tion in homes. 

45 

34. Device according to any of the claims from 1 to 21, 
characterised in that the device is predisposed to 
be used as a recharging station for ultra-light electric 
vehicles. 

50 

35. Device according to claim 3, characterised in that 

it has a vertical rotation axis transversal with regard 
to the direction of flow of air, hot air or fluid that caus- 
es it to rotate, in the presence of an electric gener- 
55 ating machine of annulartype and a pair of magnetic 
bearings entirely situated on the base of the device. 

36. Device according to claim 35, characterised in that 
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the pair of magnetic bearings comprises a magnetic 
bearing situated at the base of the device and a mag- 
netic bearing situated at the top of the device. 

37. Device according to claim 1 , characterised in that 

the electronic system for rectifying, regulating and 
managing energy consists of one or more position 
sensors, of a control system and of an active bridge 
or inverter, capable of causing the device to operate 
as a generator of fluid flows, for example air. 



posed concentrically within the ring (9b) borne by 
the stator (S) and comprising a permanent magnet 
or a paramagnetic material such as aluminium. 



Amended claims in accordance with Rule 137(2) 
EPC. 

15 

1. Electric generator device, comprising a panel (2) 
bearing one or more generators (3) each comprising 
an electric generator machine including a stator (S) 
and a rotor (R), in which the rotor (R), acting as an 
inductor, is in the form of a ring holding a distribution 20 
of magnetic poles (P) along its periphery and having 

a central part bearing one or more blades (11) of a 
fan (12) and in which the stator (S) is in the form of 
a ring surrounding the rotor (R) and bearing windings 
(A) capable of linking the magnetic field generated 25 
by said magnetic poles (P) when the rotor (R) is 
caused to rotate by a fluid flow (F) actuating said fan 
and in which the rotor (R) is supported in rotation by 
the stator through means of support of the magnetic 
type, 30 
characterized in that said rotor (R) and said stator 
(S) are substantially co-planar, 
in that said rotor (R) has a central opening (1 0) that 
presents an intermediate cylindrical portion and two 
conical end portions diverging outwards, definingthe 35 
passage for the airflow actuating the fan (12), and 
in that the cylindrical wall of the intermediate portion 
of said central opening (10) of the rotor supports a 
plurality of blades (1 1) so that the space of the open- 
ing (10) is solely occupied by these blades. ^o 

2. Device according to claim 1 , characterised in 

that the rotor (R) presents a central opening (10) 
solely occupied by one or more blades of a fan des- 
tined to be actuated by a fluid flow directed parallel 45 
to the axis of the rotor. 

3. Device according to claim 1 , characterised in 
that the rotor (R) bears a fan projecting axially from 

the body of the rotor and the stator, and destined to so 
be actuated by a fluid flow substantially orthogonal 
to the axis of the rotor. 

4. Device according to claim 1 , characterised in 

that said means of support of the magnetic type con- 55 
sists of one or more magnetic bearings (9) compris- 
ing an annular permanent magnet (9a) borne by the 
stator (S), and a ring (9a) borne by the rotor (R) dis- 
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